CREST syndrome represents a form of scleroderma where the progressive autoimmune reaction is mainly manifested by the main symptoms, which make this acronym: calcinosis cutis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly and teleangiectasia. Among the first affected organs is the skin followed by the excessive fibrosis manifested by the deposition of collagen in dermis. Reactive oxygen species (ROS) theory has been underlined as one of the main pathogenetic mechanisms and triggering factor in development of scleroderma. The present study was aimed at estimating the marker of lipid peroxidation products (MDA) in plasma of patients with CREST syndrome having manifested symptoms of both Raynaud syndrome and positive ANA antibodies. The lipid peroxidation (MDA) level was significantly higher in the patients who had CREST syndrome and Raynaud syndrome for less than 10 years compared to the patients suffering from Raynoud syndrome for more than 10 years (p<0.05). Both groups were found to have a significant MDA level increase (p<0.001) compared to the control healthy subjects. In conclusion, the relationship between lipid peroxidation (MDA level) and Raynaud syndrome appearance may emphasize the role of ROS produced by the ischemia-reperfusion injury as an early pathogenetic mechanism in CREST scleroderma syndrome.
Introduction
Scleroderma represents a progressive autoimmune disease, where cutaneous and visceral fibrosis, together with vascular damage, lead to premature mortality. CREST syndrome represents a form of scleroderma where the autoimmune reaction is manifested by the main symptoms, which make this acronym: calcinosis cutis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly and teleangiectasia. Among the first affected organs is skin and the excessive fibrosisis manifested by the deposition of collagen, followed by the infiltration of mononuclear cells in dermis (1) (2) (3) . Increased thickening of small blood vessels is accompanied with the above mentioned symptoms. The pathological hallmark is the overproduction of the extracellular matrix (ECM). The main cells responsible for the excessive ECM synthesis are fibroblasts, myofibroblasts and perycites, stimulated mainly by transforming the growth factor-beta (TGF-β). Exctracellular matrix (ECM) proteins accumulated in dermis are the types I, III, IV, and VII of collagen and fibronectin. The extracellular glycosaminoglycans and proteoglycans are also found in ECM and in the intima of blood vessels (4, 5) .
Reactive oxygen species (ROS) theory has been underlined as one of the main pathogenetic mechanisms and triggering factor in the development of connective tissue diseases. The free oxygen radicals are liberated by activated inflammatory cells and may be results of ischemia reperfusion tissue damage. The association between oxidative stress and accelerated fibrosis may be a result of their interrelationship, where free oxygen radicals may stimulate fibroblasts migration, fibrous tissue synthesis and accumulation, while active fibroblasts may result in free oxygen radicals liberation (6, 7) .
Lipid peroxidation represents a ROS action on unsaturated fatty acids, the main elements of phospholipids. Lipid peroxidation is finished by terminal reaction a production of malondyaldehyde (MDA). The polyunsaturated fatty acids of cell membranes and blood lipoproteins are particularly affected. Damaged cell membranes undergo a modification of their structure (altered fluidity), followed by the increased permeability and altered receptor function (8, 9 ).
Raynaud's phenomenon is a prominent symptom of CREST syndrome. It is a consequence of endothelial damage, followed by ischemia-reperfusion injury, vasospasm and the intimal proliferation (10) . Dysfunction of blood vessels flow is accompanied with the procoagulant state, and because of the elevation of factor VIII-von Willebrand and thrombocytosis was documented. The observed changes are adrenergic and endothelin-dependent. Taken together, vasospasm, hypoxia and oxidative stress induce the ischemiareperfusion injury. A pro-coagulant state and the impairment of endothelium-dependent relaxation are the main pathogenetic hallmarks due to the decreased bioavailability of nitric oxide-NO (11) (12) (13) . The decreased NO bioavailability is the result of toxic peroxinitrite (ONOO) production, due to the excess of both NO and ROS and their rapid reaction (14) .
The present study was aimed at estimating the marker of lipid peroxidation products (MDA) in plasma of patients with CREST syndrome having manifested symptoms of Raynaud syndome and anti-nuclear antibodies (ANA).
Patients and Methods
The study included 15 female patients with CREST syndrome, having the symptoms of Raynaud syndome for less than 10 years (4 patients) and more than 10 years (11 patients). Age-matched female healthy subjects (20) were used as control. The patients with CREST syndrome were diagnosed by the clinical and laboratory assessment according to the working classification of scleroderma (15) . All patients were positive for ANA immune test. Raynaud phenomenon was documented by the recurrent spasms of small vessels, followed by the pallor, cyanosis and the reactive hyperemia in fingers and toes, triggered by cold or the emotional stress.
Results
Demographic characteristics of female patients are given in Table 1 , which shows the duration of the disease and the appearance of Raynaud phenomenon. All patients were ANA positive. The level of MDA (µM/L) was almost two times higher in the patients suffering from scleroderma for less than 10 years than in the patients suffering from it for more than 10 years and in the control healthy subjects.
Discussion
In order to emphasize the importance of ROS in scleroderma development, some theories have been proposed regarding the increased ROS liberation (16 (17) . ROS mechanism in the development of this disease seems to be the first triggering mechanism since the increased MDA level has been reported in the patients suffering from scleroderma for less than 10 years (Figure 1 ). In the period of limited blood flow intracellular protease activation is induced by prolonged ischemia, which may lead to interconversion of xanthine dehydrogenase to its ROS-producing form xanthine oxidase. Ischemia may induce a cell energy crisis followed by the accelerated degradation of ATP. Upon reperfusion with oxygen supply the last reaction catalyzed by xanthine oxidase is followed by the simultaneous liberation of uric acid and free radicals (superoxide anion radical and hydrogen peroxide) (18) . Ischemia can also induce nitric oxide liberation (NO), which can react with superoxide anion radical, when the peroxinitre (ONOO) radical is formed, one of the ugliest ROS. In this way, the main pathogenetic mechanism of ROS liberation in CREST syndrome is the ischemia-reperfusion injury. The other mechanism of ROS liberation belongs to mitochondrial injury, where liberated superoxide anion radical in the mitochondrial respiratory chain can alter mitochondrial membrane permeability (19) . Moreover, a very important enzymatic complex responsible for additional ROS production would be also NADPH oxidase (NOX) produced by phagocytic cells. The additional mechanism is the imbalance between pro and antioxidative defense with the decreased activity of the antioxidative defense enzymes, especially of catalase and superoxide dismutase (SOD) (13, 14, 20, 21) . Increased oxidative stress can stimulate fibroblasts to produce ECM (accelerated fibrogenesis) and to secrete inflammatory cytokines. Liberated ROS can directly damage biomollecules, lipids, proteins and nucleic acids. Oxidativelly-modified unsaturated fatty acids derived from phospholipids proceed through the well-defined steps finally producing terminal product malondyaldehyde (MDA). The first step is the reaction of ROS with fatty acids and unstable fattyacid radical production, peroxyl-fatty acid radical production and lipid peroxide. The process proceeds continually as a "chain reaction mechanism". Membrane injury may cause cell apoptosis with subsequent tissue and organ injury (8, 9) . 
Conclusion
In conclusion, the inverse relationship of oxidative damage (MDA level) and disease appearance may reflect the role of ROS as an early pathogenetic mechanism of disease development and consequent ischemia-reperfusion injury in CREST scleroderma syndrome. 
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